• Ramulariais the correct name for species in Mycosphaerella s. str.
Introduction
Mycosphaerella s. lat. ( Johanson 1884 ) is one of the largest genera of Ascomycetes and comprises numerous economically important crop pathogens. Over the years more than 10 000 species were described in this genus mainly based on host association or simply because their fruiting bodies were spherical ( Aptroot, 2006 and Crous et al., 2009a; Koike et al. 2011) . Although the morphology of the sexual morph is relatively uniform, the genus has been associated with more than 40 asexual genera (Crous et al. 2009a) including both coelomycetes and hyphomycetes. Early molecular work based on ITS DNA sequencing indicated that Mycosphaerella was monophyletic, although the subsequent introduction of additional loci and more taxa showed it was polyphyletic ( Crous et al., 2009a and Crous et al., 2009c) . As a consequence, members of this genus were allocated to different families such as Schizothyriaceae ( Batzer et al. 2008) , Cladosporiaceae ( Schubert et al., 2007 , Dugan et al., 2008 , Bensch et al., 2010 and Bensch et al., 2012 , Dissoconiaceae, Mycosphaerellaceae and Teratosphaeriaceae ( Crous et al., 2009b and Li et al., 2012) . From these results it became evident that the mycosphaerella-like morphology had evolved multiple times and a new circumscription of Mycosphaerella was urgently required.
The type species Mycosphaerella punctiformis was epitypified from freshly collected material and its asexual morph described as Ramularia endophylla . Phylogenetic analyses based on DNA sequence data of the SSU and ITS regions grouped Mycosphaerella species with Ramularia asexual morphs in a monophyletic group with high bootstrap support Crous et al., 2007) . This partly led to the proposal by Crous et al. (2009a) that Mycosphaerella s. str. should be limited to species with Ramularia asexual morphs, and that the remaining mycosphaerella-like species should be allocated to other genera. In order to halt the unnecessary proliferation of generic names, it was proposed at the time that it would be preferable to not continue using the traditional dual nomenclature system, and that a single generic name should be attributed to each unambiguous phylogenetic lineage such as in the case of the Botriosphaeriaceae ).
The widespread use of phylogenetic analyses, based on DNA sequence comparisons, has fuelled the idea that dual nomenclature in fungi is superfluous (Taylor 2012) . A number of far reaching proposals were accepted at the eighteenth International Botanical Congress in Melbourne, which led to a revised and renamed International Code of Nomenclature for Algae, Fungi, and Plants (ICN), signalling the end of dual nomenclature (Hawksworth et al., 2011 and Wingfield et al., 2012) . In pleomorphic fungi priority should be given to the oldest name, regardless of its sexuality. However, for widely used names, particularly where the asexual morph names replace sexual morph names, additional considerations are needed as specified in ICN Art. 57.2. The name Ramularia ( Unger 1833 ) is older than Mycosphaerella ( Johanson 1884) and, while Mycosphaerella sensu lato represents numerous genera distributed over different families, Mycosphaerella sensu strictu has Ramularia asexual morphs. Choosing Ramularia over Mycosphaerella requires less name changes since most established connections already have species names in Ramularia. Therefore, the name Ramularia has been selected for this genus and included in a list of protected names ( Wijayawardene et al. 2014) .
Ramularia includes species that are usually defined as hyphomycetes with hyaline conidiophores and conidia with thickened, darkened, and refractive conidial hila and conidiogenous loci (scars on conidiogenous cells). The structure and colour of conidiogenous loci were considered important characters to define the genus and distinguish it from closely allied genera ( Braun, 1995 and Braun, 1998) . Recent molecular studies indicate that these characters were not always phylogenetically informative, and that the generic concept of some asexual genera warranted revision Kirschner, 2009 ). For example, Cercosporella is usually distinguished from Ramularia by bulging, hyaline conidiogenous loci. These characters are variable and difficult to distinguish with light microscopy ( Kirshner 2009). A DNA phylogeny based on sequences obtained from the large nuclear ribosomal subunit (LSU) places the type species of Cercosporella (Cercosporella virgaureae) in a sister clade to Ramularia, but Cercosporella centaureicola, for example, clustered within Ramularia sensu stricto. The ultrastructure of conidiogenous loci differed between these genera, with Ramularia having a raised rim with a central dome that is cladosporium-like, while Cercosporella has flat scars in the shape of a truncated cone ( Kirschner 2009 ).
The genus Ramularia includes around 1000 species that vary in lifestyle from phytopathogenic to saprobic, endophytic and even hyperparasitic. Phytopathogenic species cause leaf spots, necrosis or chlorosis that lead to early defoliation and disease symptoms that usually develop under conditions of high air humidity and low temperatures. Endophytic species usually grow symptomless within the leaves and mature in overwintering leaves on the soil, releasing ascospores in spring that can re-infect young leaves in spring. R. endophylla (syn. M. punctiformis) is an endophyte often associated with broad-leaved trees, and has a worldwide distribution . Recent DNA sequence comparisons based on sequence obtained from the intergenic nuclear ribosomal spacer region (ITS) has shown that a number of R. endophylla strains collected from several hosts appear to be heterogeneous, indicating the presence of cryptic species Minnis et al., 2011) . This applies to Ramularia nyssicola, which is morphologically indistinguishable from R. endophylla, but based on DNA sequence comparisons and host specificity represents a distinct species on Nyssa ( Minnis et al., 2011 and Videira et al., 2015) .
Identification of closely related species based on morphology is often difficult and the ITS barcode of fungi alone (Schoch et al. 2012 ) is unreliable for species identification among several cercosporoid genera (e.g. Groenewald et al., 2013 and Bakhshi et al., 2015 . Several studies in recent years have highlighted the need to use additional phylogenetic markers to achieve accurate species identification (e.g. Bensch et al., 2012 , Damm et al., 2012a , Damm et al., 2012b , Phillips et al., 2013 and Wikee et al., 2013 . In general, protein-coding genes have higher species resolution power due to their variable intron sequences. In addition, partial sequences from the matingtype ideomorphs (MAT1-1 and MAT1-2), specifically the alpha box (MAT1-1-1) and the high mobility group (MAT1-2-1), have also been found valuable due to their high interspecific variability and low intraspecific variability (Du et al., 2005 and Paoletti et al., 2005) . Species delimitation is challenging and guided by several concepts but no strict rule applies. The use of concordance of multiple gene genealogies has been frequently used in mycology to determine species boundaries. This is known as the Genealogical Concordance Phylogenetic Species Recognition (GCPSR) principle and is an adaptation of the Phylogenetic Species Concept (PSC) (Taylor et al. 2000) . With the addition of ecological and morphological data to support the multiple gene phylogenies in a polyphasic approach, mycologists have been increasingly relying on the Consolidated Species Concept (CSC) for fungal species delimitation (Quaedvlieg et al. 2014) .
The aims of this study were to: (i) resolve the variation in the R. endophylla species complex by applying morphology, ecology and multi-gene phylogeny based on five partial genes and partial mating-type locus DNA sequences; (ii) to investigate all purported links between Ramularia and Mycosphaerella in literature, and (iii) provide a platform that will enable a revision of this generic complex.
Materials and methods

Isolates
The isolates included in this study were obtained from the culture collection of the CBS-KNAW Fungal Biodiversity Centre (CBS), Utrecht, the Netherlands, from the working collection of Pedro Crous (CPC), housed at CBS-KNAW, or were freshly isolated from a range of different plant hosts (Table 1) . Single-conidia and single-ascospore cultures were obtained using the techniques described for species of Mycosphaerella and its asexual morphs ( Crous et al., 1991 and Crous, 1998) . Representative cultures of the new species delineated in this study were deposited in the CBS culture collection. 
DNA extraction, amplification and sequencing
Fungal mycelium of strains (Table 1) was harvested with a sterile scalpel and the genomic DNA was isolated using the UltraClean™ Microbial DNA Isolation Kit (MoBio Laboratories, Solana Beach, CA, USA) following the manufacturers' protocols. Eleven partial nuclear genes were initially targeted for PCR amplification and sequencing: 28S nrRNA gene (LSU), internal transcribed spacer regions and intervening 5.8S nrRNA gene (ITS) of the nrDNA operon, actin (ACT), translation elongation factor 1-α (TEF1-α), histone H3 (HIS3), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), RNA polymerase II second largest subunit (RPB2), calmodulin (CAL), β-tubulin (bTUB), mating-type gene 1 (MAT1-1-1) and mating-type gene 2 (MAT1-2-1). The primers employed are listed in , 8 min) . The resulting fragments were sequenced in both directions using the PCR primers and the BigDye Terminator Cycle Sequencing Kit v. 3.1 (Applied Biosystems Life Technologies, Carlsbad, CA, USA). DNA sequencing amplicons were purified through Sephadex G-50 Superfine columns (Sigma-Aldrich, St. Louis, MO) in MultiScreen HV plates (Millipore, Billerica, MA). Purified sequence reactions were analysed on an Applied Biosystems 3730xl DNA Analyzer (Life Technologies, Carlsbad, CA, USA). The DNA sequences generated were analysed and consensus sequences were computed using the BioNumerics v. 4.61 software package (Applied Maths, StMartens-Latem, Belgium). 
Phylogenetic analysis
The generated sequences for each gene were aligned with MAFFT v. 7 (Katoh & Standley 2013 ) and the alignments were manually checked and improved where necessary using MEGA v. 5 (Tamura et al. 2011) . From the strains listed in Table 1 , only those with the complete dataset of genes were used in the phylogenetic analyses, with the exception of Ramularia pusilla, which was missing the sequence of GAPDH and was considered as missing data in the alignment. Phylogenetic analyses of sequence data consisted of both Neighbour-Joining analysis and parsimony analysis performed with PAUP v. 4.0b10 ( Swofford 2003) and also a Bayesian analysis performed with MrBayes v. 3.2.1 (Ronquist et al. 2011 ).
The Neighbour-Joining analysis using the HKY85 substitution model was applied to each gene partition individually. The single gene trees were manually compared in order to check the stability of each species clade and exclude incongruent genes from the multigene analysis (data not shown, individual gene trees deposited on TreeBASE). Alignment gaps were treated as missing data and all characters were unordered and of equal weight. Any ties were broken randomly when encountered. The selected genes for the multigene parsimony and Bayesian analysis were concatenated with Mesquite v. 2.75 (Maddison & Maddison 2011 ).
The parsimony analysis was performed on three datasets, namely the concatenated alignment of five genes and the individual alignments of the mating-type sequences (MAT1-1-1 and MAT1-2-1). The analysis used a heuristic search with 100 random taxa additions and the branch-swapping algorithm for tree bisection and reconstruction. Alignment gaps were treated as fifth base and all characters were unordered and of equal weight. Branches of zero length were collapsed and all multiple, equally parsimonious trees were saved. The robustness of the trees obtained was evaluated by 1000 bootstrap replications (Hillis & Bull 1993) . Other measures calculated included tree length (TL), consistency index (CI), retention index (RI) and rescaled consistency index (RC). The resulting trees were printed with Geneious v. 7.0.6 (Kearse et al. 2012 ).
The Bayesian analysis was performed on the combined multigene alignment only. MrModeltest v. 2.2 (Nylander 2004 ) was used to determine the best nucleotide substitution model settings for each data partition in order to perform a model-optimized Bayesian phylogenetic reconstruction using MrBayes v. 3.2.1 (Ronquist et al. 2011) . The heating chain was set to 0.15 and the Markov Chain Monte Carlo (MCMC) analysis of four chains was started in parallel from a random tree topology and lasted until the average standard deviation of split frequencies reached 0.01. Burn-in was set to 25 % after which the likelihood values were stationary. Trees were saved each 250 generations and the resulting phylogenetic tree was printed with Geneious v. 7.0.6 (Kearse et al. 2012) . All new sequences generated in this study were deposited in NCBI's GenBank nucleotide database (www.ncbi.nlm.nih.gov) and the accession numbers of the sequences used for the phylogenetic analyses are listed in Table 1 . The alignments and respective phylogenetic trees were deposited in TreeBASE (www.treeBASE.org).
Taxonomy
Isolates were cultivated for 7 d at 21 °C. Microscopic observations of the conidiogenous structures were performed using a Nikon Eclipse 80i light microscope with differential interference contrast (DIC) illumination. Slides were prepared using the inclined coverslip method (Kawato & Shinobu 1959 , revised in Nugent et al. 2006 ) and also transparent adhesive tape (Titan Ultra Clear Tape, Conglom Inc., Toronto, Canada) (Bensch et al. 2012) . Clear lactic acid was used as mounting medium for the measurements. The morphological structure terminology followed those used for Ramularia species by Crous et al. (2011) . The recorded measurements represent the minimum value followed by the 95 % confidence interval of 30 individual measurements and the maximum value, for both length and width. For culture characterization the isolates were inoculated on 2 % potato dextrose agar (PDA), oatmeal agar (OA) and 2 % malt extract agar (MEA) (recipes according to Crous et al. 2009d) , and incubated in the dark at 25 °C. After 14 d, the colony diameter was measured and the colony colour described according to the mycological colour charts of Rayner (1970) . Nomenclatural novelties and descriptions were deposited in MycoBank (Crous et al. 2004a) .
Results
DNA amplification and phylogenetic analysis
Of the 11 loci tested in this study, seven were successfully amplified for most strains (LSU, ITS, ACT, TEF1-α, HIS3, GAPDH, RPB2). The amplification of CAL and bTUB often resulted in multiple bands, despite the attempts of protocol optimization and were not used in the multigene analysis. The amplification of the mating-type loci was not successful for all the strains (Table 1) and was particularly challenging for the MAT1-2-1 with the use of the degenerate primers ( Table 2 ) that were reported successful for other Mycosphaerellaceae Groenewald et al., 2007) . Due to the observed variation of the position of these loci in other species, an attempt was made to amplify the loci using the forward primer for MAT1-1-1 and the reverse primer of MAT1-2-1 and vice-versa. A sequence of approximately 670 bp was obtained for several strains with the combination of the primers MgMfSpMat1-1f1 (MAT1-1-1 forward) and MgMfSpMat1-2r1 (MAT1-2-1 reverse) for which the last portion of approximately 200 bp corresponded to the MAT1-2-1 conserved high mobility group. When sequences of the MAT1-2-1 obtained with the regular primer combination were compared with the ones obtained with the described uncommon combination, they matched exactly. The mating-type genes were not used in the combined analysis since all isolates with a successful sequence had either the MAT1-1-1 or MAT1-2-1 amplicon. In addition, no sequences of MAT1-1-1 were obtained for any of the Ramularia unterseheri strains available in this study. All the obtained sequences were deposited in GenBank ( Table 1) .
The Neighbour-joining analysis using the HKY85 substitution model used to check the stability and robustness of clades for the individual loci (data not shown) revealed that the both the LSU and ITS locus separated Ramularia endophylla strains in a unique clade but were not able to separate Ramularia vizellae from R. unterseheri (newly described). The single gene trees for ACT, HIS3, RPB2 and GAPDH could separate three species within the complex, namely R. endophylla, R. vizellae, and R. unterseheri. The partial sequences of TEF1-α were very heterogeneous and the resulting phylogenetic tree was not congruent with the other genes. The TEF1-α sequences were, therefore, not used in the multigene analysis.
The multigene analysis was based on a concatenated alignment of five loci (ITS, ACT, RPB2, GAPDH and HIS3) and contained 114 taxa, of which 81 belonged to the R. endophylla species complex, 32 represented other Ramularia species and the outgroup sequence of Zymoseptoria passerini. The final alignment contained a total of 2618 characters divided in five partitions containing 515 (ITS), 236 (ACT), 897 (RPB2), 575 (GAPDH) and 375 (HIS3) characters respectively, including alignment gaps. From the total alignment, 81 characters were excluded from the phylogenetic analysis: 20 characters that were artificially introduced as spacers between the genes; 10 characters (ITS) and 17 characters (GAPDH) that represented a longer sequence in the outgroup compared to the ingroup sequences; 20 characters (GAPDH) representing a longer intron that only existed for Ramularia nyssicola; 14 characters (ACT) representing a repetition in an intron on the strains in Ramularia grevilleana (see alignment in TreeBASE).
The results of the MrModelTest analyses for the multigene dataset indicated that the ITS partition had fixed (equal) base frequencies, whereas all the other partitions had dirichlet base frequencies. The optimised models for this alignment were SYM + I + G for ITS and GTR + I + G for all the other data partitions. The Bayesian analysis of the concatenated fivelocus alignment generated 104 082 trees from which 26 020 trees were discarded (25 % burnin). The 50 % majority rule consensus tree (Fig 1) and posterior probabilities (values ≤1) were calculated from the remaining 78 062 trees. The alignment contained a total of 959 unique site patterns: 100 (ITS), 123 (ACT), 413 (RPB2), 209 (GAPDH), 114 (HIS3). The parsimony analysis on the multigene dataset generated 1000 equally most parsimonious trees. From the analysed characters, 1559 were constant, 205 were variable and parsimonyuninformative and 772 were parsimony-informative. A parsimony consensus tree was calculated from the equally most parsimonious trees and the branches were mapped with a thicker stroke on the Bayesian tree (Fig 1; bootstrap support values >75). The overall parsimony phylogeny supported the same species clades as those presented in the Bayesian phylogeny (Fig 1) . Phylogenetic trees based on the combined dataset (Fig 1) and generated with both parsimony and Bayesian analyses, separated strains into three well supported species within the original complex: R. endophylla, R. vizellae, and R. unterseheri. The other Ramularia strains represent species that, in literature, have been associated with a Mycosphaerella sexual morph ( Table 3) . Potebnja, 1908 , Schellenberger, 1917 , Plakidas, 1941 , Klebahn, 1918 , Tomilin, 1979 , Sivanesan, 1984 , Braun, 1998 and Braun and Pennycook, 2003 EP Dudley (1889 used conidia from pure cultures to infect strawberry leaves and observed perithecia formed in these lesions and that the ascospores germinated within the ascus, shot out through the ostiole and gave rise to conidia. Braun (1998) The MAT1-1-1 alignment contained 30 taxa, including the outgroup Cercospora beticola (GenBank DQ192581), and 570 characters, including alignment gaps, from which 175 were constant, 74 were variable and parsimony-uninformative, and 321 were parsimonyinformative. The MAT1-2-1 alignment contained 37 taxa, including the outgroup Cercospora beticola (GenBank DQ192582), and 233 characters, including alignment gaps. Of these characters, 67 were constant, 31 were variable and parsimony-uninformative, and 135 were parsimony-informative. Similar trees were obtained with both neighbour-joining and parsimony methods. Two most parsimonious trees were obtained from the MAT-1-1-1 sequence alignment and nine most parsimonious trees were obtained from the MAT1-2-1 sequence alignment. The most parsimonious trees differed slightly in the arrangement of the taxa within the clades of R. vizellae ( Fig 2 and Fig 3) and of R. unterseheri ( Fig 3) but the global tree topology was identical. The trees obtained for both MAT1-1-1 (Fig 2) and MAT1-2-1 (Fig 3) datasets showed that R. endophylla and R. vizellae cluster in separate clades with bootstrap support values of 100 % (MAT1-1-1) and 100 % and 97 % (MAT1-2-1), respectively. In the tree obtained for MAT1-2-1 the clade of R. unterseheri is supported with 98 % bootstrap. Strict consensus trees were calculated for each locus and the branches present were depicted in thicker lines ( Fig 2 and Fig 3) . The phylogenetic trees obtained from the mating-type sequences are in agreement with the parsimony and Bayesian analyses of the multigene dataset. (Table 2 ) and the caret ( ∧ ) represents strains obtained with both the usual primer combination MAT1-2-1 forward and reverse and the unusual primer combination MAT1-1-1 forward and MAT1-2-1 reverse (Table 2) . Strains without these symbols represent sequences obtained only with the regular primer combination MAT1-2-1 forward and reverse (Table 2) .
R. inaequalis (Preuss)
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Taxonomy
Ramularia endophylla Verkley & U. Braun, Mycol. Res.108: 1276 Diatrype punctiformis (Pers.) Zahlbr., Cat. Lich. Univers.7: 780 (1931) For further synonyms, see Tomilin (1979) and Aptroot (2006) . Notes: The link between Ramularia endophylla and Mycosphaerella punctiformis ( Starbäck 1889) , initially described as Sphaeria punctiformis ( Persoon 1794) , was experimentally proven by Verkley et al. (2004) with morphological and phylogenetic data. Although the oldest epithet among these two names is ‗punctiformis' ( Persoon 1794), the name Ramularia punctiformis Sacc. (Saccardo, 1904) is already in use. Several possible epithets can be found among the synonyms proposed by Tomilin (1979) and Aptroot (2006) . However, these specimens are often in poor state, contain immature perithecia or represent species never collected or observed after their first description (Aptroot 2006) . In addition, several type specimens of other Mycosphaerella species have been found to be indistinguishable from M. punctiformis ( Aptroot 2006 ) and the names represent valid epithets in case this material is recollected and prove to be the same species. With the objective to clarify and stabilize the taxonomy of this species, we propose that the epithet ‗endophylla' is conserved since it represents an unequivocally proven link between sexual and asexual stage of this species, both biologically and phylogenetically. For further synonyms based on asexual morphs, see Braun (1995: 248 Notes: This pathogen is known for causing leaf spot disease in strawberry, both cultivated and wild species, and has a worldwide distribution (Braun 1998) . The link between Ramularia grevilleana ( Jørstad 1945) and Mycosphaerella fragariae ( Lindau 1897) was experimentally proven by Dudley (1889) who observed the ascospores germinating within the ascus inside the perithecium, developing into mycelium that grew out through the perithecium wall and ostiolum, and produced conidia. Since then, most authors have treated this link as reliable and both names have appeared together in several publications ( Maas, 1984 , Crous et al., 2000 , Braun and Pennycook, 2003 and Kirschner, 2009 . Ramularia grevilleana ( Jørstad 1945 ) was initially described as Cylindrosporium grevilleanum by Oudemans (1873) . The confused nomenclatural history of this asexual morph name, previously attributed to Tulasne & Tulasne (1863) , was discussed and clarified by Braun & Pennycook (2003) . Mycosphaerella fragariae ( Lindau 1897) was first described as Sphaeria fragariae ( Tulasne 1856) , which is a nom. illeg. (homonym). Stigmatea fragariae Tul. & Tul. ( Tulasne & Tulasne 1863 ) is the first valid name for this species but a reallocation of this name to Ramularia is not possible because R. fragariae already exists. Cylindrosporium grevilleanum ( Oudemans 1873 ) is the oldest available epithet among the synonyms and the basionym of the current name Ramularia grevilleana ( Jørstad 1945) , which is the nomenclaturally correct denomination for this species. Notes: When Mycoshaerella phacae-frigidae was originally described ( Müller & Wehmeyer 1954) , the ascospores were isolated, producing a Ramularia state that was not named at that time. Based on morphological and molecular evidence we propose a new combination for this name in Ramularia. Culture CBS 234.55 was deposited by E. Müller in the CBS culture collection in May 1955 and is from the same host, locality and date as the original material used for the description of M. phacae-frigidae, which indicates that it is an ex-type strain. Etymology. Named after Martin Unterseher, whose research focus on biodiversity and ecology of endophytic fungi, and the person who collected most of the strains of this species currently deposited at the CBS-KNAW collection.
Ramularia unterseheri
Description: Mycelium consisting of septate, branched, smooth, hyaline hyphae, (1-)1.5-2 μm diam. Conidiophores reduced to conidiogenous cells. Conidiogenous cells smooth, hyaline, arising from hyphae, terminal and lateral, (5.5-)11-14(-20) × (1.5-)2 μm, sympodially proliferating with 1-3 apical loci, flattened or protuberant, cylindrical; scars thickened, darkened, refractive, 0.5-1 μm diam. Ramoconidia subcylindrical to oval or ovoid, 0-1-septate, hyaline, smooth, (8-)10-12(-18) × (1.5-)2-2.5(-3) μm. Intercalary conidia hyaline, smooth, aseptate, oval to ovoid, (6-)8-9(-13) × (2-)2.5-3 μm, in branched chains of up to six conidia. Terminal conidia hyaline, smooth, aseptate, obovoid to oval (3.5-)5-6(-7) × (1.5-)2-2.5(-3) μm; hila thickened, darkened, refractive, 0.5-1 μm diam. Crous et al. 2011) in association with lesions caused by Vizella interrupta in what was deemed as either a chance encounter, as sporulation was not observed in the leaf itself, or an indication that the species was a secondary invader of the diseased leaf tissue. Ramularia vizellae is now known from numerous hosts in many European countries ( Fig 1, Table 1 ) as well as in South Africa. A mycosphaerella-like sexual morph was observed in freshly collected samples in the Netherlands (Fig 5, a-e) , but a description is not provided due to the scarcity of material examined.
Discussion
Based on the epitypification of Mycosphaerella punctiformis (now Ramularia endophylla) , and the molecular characterization of Ramularia pusilla (type species of Ramularia) by Kirschner (2009) , the names Mycosphaerella and Ramularia are confirmed as congeneric. This means it is now possible to separate species closely allied to R. endophylla, such as R. nyssicola ( Minnis et al. 2011) . Based on the multigene phylogeny generated in this study (Fig 1) , the host range and distribution of R. endophylla has been narrowed, since most of the strains were isolated from Quercus leaves collected in the Netherlands, with the exception of one strain collected from Castanea sativa and another strain collected from Korea.
The heterogeneity observed in the ITS sequences in the past was further accentuated when protein coding genes were added to the analysis and both the Bayesian and parsimony analyses based on five genes in the present study split this species complex into three species: R. endophylla, Ramularia vizellae and the newly described species, Ramularia unterseheri. The identification of these closely related species based on morphology alone is difficult, and the ITS barcode alone is insufficient for species level identification. Based on the individual gene trees, each of the partial gene sequences of ACT, RPB2 and GAPDH are good phylogenetic markers to use in addition to the ITS barcode since they successfully separate the three species.
The new species described in this study, R. unterseheri ( Fig 4) , is only known from the Netherlands and Germany, but with a rather broad host range, namely Acer (Sapindaceae), Alnus (Betulaceae), Fagus (Fagaceae) and Tilia (Malvaceae). The intraspecific variation observed in each clade ( Fig 1) is a result of the variation observed in the gene sequences among the strains. The internal structure of this variation was not consistent between different loci and cryptic speciation is unlikely to account for these genetic differences.
In this study, a mycosphaerella-like sexual morph was observed for both R. unterseheri (  Fig 4) and R. vizellae ( Fig 5) in overwintered leaves collected in the Netherlands. In addition, several of the strains of R. unterseheri were isolated from living material as endophytes in the previous work of Verkley et al. (2004) . These observations indicate that these species most likely have a life cycle similar to that of R. endophylla but more work needs to be done in order to fully understand these fungal life-cycles. Even though the lifecycle of R. endophylla is well known , some questions still remain unanswered, e.g. the role played by the Asteromella spermatial state in the development of the species.
Sexual reproduction plays an important role in the dynamics and fitness of a species by introducing variability through genetic recombination and the mating type genes are essential for the sexual cycle to occur. The similarity of homologous mating-type genes is usually very low except for the high mobility group and the alpha domains (Turgeon 1998) . These conserved domains were successfully used to clarify the phylogenetic relationships among closely related species (Du et al., 2005 and Paoletti et al., 2005) but were not effective in resolving the Cercospora apii complex . The MAT1-2-1 tree showed that R. vizellae, R. unterseheri and R. endophylla strains cluster in separate well supported clades and the same can be observed in the MAT1-1-1 tree for the strains of R. endophylla and R. vizellae. In this study, the mating-type loci were effective in the separation of this complex. The complete characterization of the mating-type genes in Ramularia species has not been performed before and the evidence indicates these species are heterothallic since the strains with a MAT1-1-1 sequence did not amplify the MAT1-2-1 locus and vice-versa. However, transitions between heterothallic (self-sterile) and homothallic (self-fertile) sexual cycles are common among fungi and which represents the ancestral state is unknown.
Experimentally proven links in literature between Ramularia and Mycosphaerella are limited ( Table 3 ). There are six cases where the authors reported they observed the complete life cycle of the fungus from ascospore to conidia. Experimentally confirmed links include R. endophylla/M. punctiformis (= R. endophylla) , Ramularia grevilleana/Mycosphaerella fragariae (= R. grevilleana) ( Oudemans, 1873 and Pennycook, 2003) , Ramularia variabilis/Mycosphaerella mariae (= R. variabilis) ( von Arx 1949) , and Ramularia inaequalis/Mycosphaerella hieracii (= R. inaequalis) ( Klebahn 1918 ). In the case of Mycosphaerella nyssicola, no Ramularia morph has been observed, but based on molecular evidence the species belongs in Ramularia, and a new combination (= R. nyssicola) was made for this species ( Videira et al. 2015) . When Mycosphaerella phacaefrigidae was described ( Müller & Wehmeyer 1954) , the ascospores that were isolated produced a Ramularia state in culture that was not named at the time, and hence a new combination is introduced for this name in Ramularia (= Ramularia phacae-frigidae). Sivanesan (1984) reported the links Ramularia gossypi/M. areola, Ramularia nigromaculans/Mycosphaerella nigromaculans, and Ramularia urticae/Mycosphaerella superflua, among others. Ramularia gossypii has been reassigned to the genus Ramulariopsis ( Braun & Pennycook 1993) and R. nigromaculans has been excluded from Ramularia based on its pigmented conidia ( Braun 1998) . Ramularia urticae/M. superflua, and at least eight other links ( Table 3) , have not been experimentally proven, and await further collections and study.
Other existing links have been considered doubtful since Aptroot (2006) examined the herbarium type specimens of some Mycosphaerella that he considered belonged to Davidiella ( Table 3 ). An interesting case is that of Mycosphaerella nawae, a pathogen causing circular leaf spot of persimmon that was originally reported from Japan ( Ikata & Hitomi 1929) but has now spread worldwide (Berbegal et al. 2013) . In Korea, a ramularia-like morph was observed (Kwon & Park 2004) but its importance during the infection processes was not established (Berbegal et al. 2013) . Despite its importance as a plant pathogen, no cultures of this species are available in public culture collections. A recent study by Berbegal et al. (2013) generated two ITS sequences (GenBank GQ465767 & GQ465768) of M. nawae that, when compared with other dothideomyceteous ITS sequences in NCBI's GenBank, places the species near or in Phaeophleospora within the Mycosphaerellaceae ( Quaedvlieg et al. 2014 ). This link is considered doubtful, awaiting further collections of fresh material.
In conclusion, we have shown that the R. endophylla species complex consists of three species, namely R. endophylla, R. vizellae, and a novel species described in this paper, R. unterseheri. We show that R. vizellae has a much wider host range and geographical distribution than originally assumed and observed its sexual stage. In spite of close to 1000 species names in Ramularia, and more than 10 000 species that have been described in Mycosphaerella s. lat., the present study could only confirm six connections in Ramularia, and one new combination was proposed to accommodate R. phacae-frigidae. Additional collections of other names in Mycosphaerella may reveal more species that are true members of Ramularia, but presently the majority appears to belong to other genera ( Quaedvlieg et al. 2014) . In much of the plant pathology literature the name Mycosphaerella has been applied in a broad morphological and non-phylogenetic sense. For these fungi, the term mycosphaerella-like sexual morph is more appropriate. In accordance with the newly revised ICN code, the generic name Ramularia has been protected over that of Mycosphaerella and will be applied to this genus in the future.
